Investigation of the Influence of Different Process Setting Parameters on the Surface Formation at Honing of Thermally Sprayed Layers  by Hoffmeister, H.-W. et al.
 Procedia CIRP  1 ( 2012 )  371 – 376 
Available online at www.sciencedirect.com
2212-8271 © 2012 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of Professor Konrad Wegener
http://dx.doi.org/ 10.1016/j.procir.2012.04.066 
 
5th CIRP Conference on High Performance Cutting 2012 
Investigation of the influence of different process setting parameters 
on the surface formation at honing of thermally sprayed layers 
H.-W. Hoffmeistera,*, T. Grossea, A. Gerdesa 
a Technische Universität Braunschweig, Institute of Machine Tools and Production Technology 
* Corresponding author. Tel.: +49(0)531 391 7606; fax: +49(0)531 391 5842.E-mail address: h.hoffmeister@tu-bs.de. 
Abstract 
In the development of modern combustion engines, light metal alloys combined with cylinder bore coatings are increasingly used to
reduce total car mass. These coatings require an adaption of the honing process to achieve the coatings’ full technological potential. 
In this study, the influence of different process setting parameters on the surface formation of thermally sprayed layers was
investigated using two different coating materials. 
Emphasis of this study was on the investigation of the pore opening process and the formation of burr extending into the pore
cavity. The mechanism of pore opening was simulated using an FEM-Model in Abaqus/explicit. In order to gain an improved
fundamental understanding of the mechanism of pore opening, a single abrasive grain and exemplary pore geometry were used.  
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1. Introduction 
Thermal spraying has been proved as eminently 
appropriate for coating of cylinder bores in modern 
combustion engines due to its huge amount of possible 
coating materials [1]. The micro porosity, which is 
adjustable to a certain extent, can improve the tribolo-
gical properties by the fact that micro cavities gain the 
surface oil retention volume and provide the formation 
of the dynamic lubrication film [2]. Honing as the 
finishing process is of major importance because of its 
significant influence on the surface condition. In this 
paper, the honing process of two PTWA-sprayed coating 
materials (Plasma Transferred Wire Arc) is analyzed by 
variations of different process setting parameters. 
2. Experimental Setup 
The honing experiments have been carried out by 
using extruded liners of the hypoeutectic aluminium-
silicon alloy AlSi7Cu3,5 with an inner diameter of 
83 mm, a thickness of 6 mm and a length of 120 mm. 
For an optimized coating adhesion, the bore surfaces 
were mechanically roughened by the method mentioned
in [3]. The coating process was carried out with two
different wire materials. A normal steel wire with a
carbon content of 0.8 % (FeC0.8) on the one hand and a
flux cored wire (SUNA6-3) on the other hand were used.
The flux cored wire consists of a folded steel jacket with
a filling of alloying element powder, such as chrome,
tungsten or molybdenum.  
The honing procedure followed a three-step process
with diamond honing stones, in which the infeed was
performed electro-mechanically in step one, and hydrau-
lically in steps two and three. Each honing tool con-
tained eight honing stones with 3 mm width and 80 mm
length. Following every honing step, the roughness
profile was measured on four positions turned at 90°
using a Hommel topometer. Additionally, the material
removal rate was determined by measuring pre- and
post-process bore diameters using an inside micrometer. 
2.1. First honing step – prehoning 
In the first honing step, the effects of different
parameter settings of the electromechanical infeed
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system, as the main influence variables on the material 
removal, are analyzed. Therefore, the infeed rate and the 
step width were varied and the corresponding specified 
material removal rate ܳ௪ᇱ  and the resulting surface 
roughness were measured. The used process parameters 
are given in Table 1. 
Table 1. Prehoning parameters 
Parameter value 
Rotational speed:  180 1/min 
Stroke speed:  18 m/min 
Workpiece material: SUNA6-3 
Cutting material:  Diamond D213 
Bond material:  Metallic sintered bond 
Cooling fluid: Castrol Honilo 980 
Infeed rate: 1.0 μm/s – 2.5 μm/s 
Infeed step width: 1.0 μm – 2.0 μm 
The corresponding results in Fig. 1 show that the 
specific material removal rate ܳ௪ᇱ  is as expected directly 
influenced by the infeed rate. Increasing infeed rates also 
cause a higher roughness of the machined surface. The 
contrary can be observed at the infeed step width. Here, 
larger steps lead to a smoother surface. The reason for 
this is the longer pause between the infeed steps at a 
given infeed rate, which is comparable to sparking out. 
Fig. 1. Influence of infeed parameters, D213 
During the first honing step, the honing stones 
showed a high abrasive wear, caused by the extreme 
initial roughness of the sprayed layer and therewith high 
surface pressures. In order to investigate the dominating 
wear mechanisms, SEM images of the D213 honing 
stone after machining a SUNA6-3 layer were created 
(Fig. 2). The wear mechanism of dulling could not be
proved. Therefore, extremely splintered and cracked
grains were detected. This suggests that bond hardness
and splinter tendency is not optimally adjusted for the
machining of thermally sprayed layers. This problem can
be avoided by using harder bonds in connection to more
cubic grains with less splinter tendency. Another
approach would be to reduce the initial roughness. This
would also lead to less material removal and hence
would decrease the required machining time. 
Fig. 2. SEM image of D213 honing stone after honing a thermally 
sprayed SUNA6-3 layer 
2.2. Second honing step – base honing 
In the second honing step, the influence of different
cuttings speeds on surface roughness and specific
material removal rate ܳ௪ᇱ  is investigated, by varying the
rotational speed at a given infeed pressure of the
hydraulic infeed system. The corresponding parameters
are shown in Table 2. 
Table 2. Base honing parameters 
Parameter value 
Rotational speed:  120 – 280 1/min 
Stroke speed:  18 m/min 
Cutting material:  Diamond D64 
Bond material:  Metallic sintered bond 
Cooling fluid: Castrol Honilo 980 
Infeed pressure: 8 bar 
As the results show, ܳ௪ᇱ  of the FeC0.8 layers rapidly
increases with higher cutting speeds (Fig. 3). The gra-
dient of the SUNA6-3 layers is considerably lower. Over
the whole measurement range ܳ௪ᇱ  of SUNA6-3 is lower
than FeC0.8. This indicates a higher hardness of the
SUNA6-3 layers. A comparison of the corresponding
Abbott parameters of SUNA6-3 and FeC0.8 also shows
a higher roughness of the FeC0.8 layers despite the
 H.W. Hoffmeister et al. /  Procedia CIRP  1 ( 2012 )  371 – 376 373
 
identical infeed pressure. This proves a higher hardness 
of SUNA6-3 compared to FeC0.8 as well.  
For both layer materials the surface roughness 
slightly decreases with higher cutting speeds. It is 
suspected that due to the negative rake angle of abrasive 
grains, the grain intrusion depth decreases with higher 
cutting speeds. Nevertheless, ܳ௪ᇱ  rises with higher 
cutting speeds as a result of the larger overlap, since 
every grain has a longer cutting path and therefore an 
infinite surface element is passed more often by the 
honing stone within the same honing time. 
 
 
Fig. 3. Influence of the cutting speed, D64 
 
Fig. 4. SEM image of D64 honing stone after honing a thermally 
sprayed SUNA6-3 layer 
During experiments, almost no wear of the D64 
honing stones was recognizable. This indicates a good 
adjustment of bond hardness and grain type. For 
checking the wear mechanisms, SEM images of the D64 
honing stone were created (Fig.4). In contrast to pre-
honing, dulled grain edges could be identified. 
2.3. Third honing step – finish honing 
The third honing step was used to analyze the 
influence of the infeed pressure on the finished cylinder 
surface. Therefore, the infeed pressure was varied at 
otherwise constant cutting conditions (Table 3).  
The results (Fig. 3) prove the higher hardness of
SUNA6-3 layers as mentioned in the second honing step
due to the constantly higher specific material removal
rate ܳ௪ᇱ  of FeC0.8 layer material. 
Table 3. Finish honing parameters 
Parameter value 
Rotational speed:  150 1/min 
Stroke speed:  20 m/min 
Cutting material:  Diamond D10 
Bond material:  Metallic sintered bond 
Cooling fluid: Castrol Honilo 980 
Infeed pressure: 4 – 12 bar 
 
 
Fig. 5. Influence of infeed pressure, D10 
As expected, ܳ௪ᇱ  rises with higher infeed pressures.
An exception can be found at honing SUNA6-3 with
12 bar infeed pressure. Here, even macroscopic recog-
nizable clogging of the honing stone leads to a decreased
ܳ௪ᇱ . This is presumably a result of the reduced grain
protrusion. The SEM images created of the D10 honing
stone (Fig.7) validate the massive clogging as there is
almost no bond material visible. The recognizable grains
show no signs of splintering and only less dulled edges. 
 
 
Fig. 6. Clogging of D10 honing stone after honing SUNA6-3 with 12 
bar infeed pressure 
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Fig. 7. SEM image of D10 honing stone after honing SUNA6-3 with 
12 bar infeed pressure 
The curves of Abbott parameters show that with 
increasing infeed pressure, the Rpk value rises due to the 
larger grain intrusion depth, while the Rvk value, which 
can be seen as an indictor of pore opening, decreases. At 
12 bar infeed pressure, the reduced grain protrusion, 
caused by clogging, leads to a lower Rpk and a higher Rvk 
value. 
In order to check the surface topography, SEM 
images of the 12 bar infeed pressure machined FeC0.8 
surface were created (Fig. 8) In this image, there are 
several recognizable pores that are not opened correctly, 
but show a burr extending into the pore cavity. Enlarged 
views are also given in Fig. 8. This burr will be referred 
to as “lid burr” hereafter, due to the fact of closing the 
pore cavities. 
 
 
Fig. 8. Finish honed FeC0.8 surface, infeed pressure 12 bar 
In order to understand the formation of lid burr, the
mechanism of pore opening is explained in Fig. 9. At
first, the grain moves through the material with an
intrusion depth depending among other things of the
infeed pressure (Fig. 9 a). When the grain overruns the
pore cavity, chipping stops due to the displacement of
the material above the cavity (Fig. 9 b). At the transition
to solid material, chipping starts again (Fig. 9 c) and
causes a unilateral rupture of the pore lid (Fig. 9 d). 
Due to the elastic tension of the material displace-
ment, the pore lid can slightly spring back.  
 
 
Fig. 9. Mechanism of pore opening and lid burr formation 
In order to verify this consideration, in the next step
FEM cutting simulations were performed. 
3. Cutting Simulation 
For this work, three dimensional cutting simulations
with two different workpiece and pore sizes were
performed in Abaqus Explicit. The workpieces
(0.1 x 0.06 x 0.02 mm and 0.06 x 0.04 x 0.02 mm) were
modeled as deformable bodies with tetrahedral elements
(C3D10M) while the abrasive grains were treated as
rigid bodies to save calculation time. The friction
coefficients between the abrasive grains and workpiece
were estimated and set to 0.1 for both simulations,
friction behavior was based on coulomb law. For the
numerical studies an exemplary pore was modeled using
a cylindrical geometry with a diameter of 40 μm and a
height of 10 μm. The pore was placed 3 μm underneath
the surface of the workpiece and the grain intrusion
depth was set to 4 μm. During the performed FEM-
simulations the cutting speed was equal to the experi-
mental setup. Fig. 10 shows an example of the Finite
Element Model. The nodes on the bottom side of the
workpiece were fixed in all dimensions while the abra-
sive grain was allowed to move only in z-direction. 
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Fig. 10. 3D-model for cutting simulations 
3.1. Material Modeling and Chip Formation Criterion 
For the description of the plastic material behavior a 
Johnson-Cook material model was used [4, 5] due to its 
capability to also describe machining processes with 
high strain rates over a large range [6]. In this material 
model the flow stress is defined as: 
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In this equation ߪ௩ is the flow stress, ߝ the equivalent 
plastic strain, ߝሶ the equivalent plastic strain rate, ߝ଴ሶ  is the 
reference strain rate, ଴ܶ  is the room temperature 
(293.15K) and ௠ܶ௘௟௧  the melting temperature of the 
workpiece material. The Johnson-Cook parameter ܣ  is 
the initial yield stress, ܤ is the hardening modulus, ݊ is 
the work hardening exponent, ܥ  the strain rate 
dependency coefficient and ݉  the thermal softening 
coefficient [7]. The material and Johnson-Cook 
parameters for the investigated material AISI 1045 were 
taken from [8] and are listed in table 4. For chip 
separation the Johnson-Cook failure model was used, 
which is suitable for high strain-rate deformation of 
materials [9]. Using this model, failure appears when the 
damage parameter ܦ is set to value 1. ܦ is defined as: 
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In this equation οߝ௣௟  is the increment of the 
equivalent plastic strain and οߝ௙
௣௟
 is the failure strain. 
The summation is performed over all increments in the 
numerical analysis [9].The failure strain οߝ௙
௣௟
 here is 
defined as follows: 
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In this equation ݀ଵ – ݀ହ are the Johnson-Cook failure 
parameters, ɂሶ଴  is the reference strain rate, ɂሶ୮୪Ȁɂ଴  is the 
nondimensional plastic strain rate and ݌Ȁݍ  is the
nondimensional pressure-deviatoric stress ratio [9]. The
values for ݀ଵ – ݀ହ were taken from [9] and are listed in
table 5. 
Table 4. Material and Johnson-Cook parameters for AISI 1045 [8] 
Parameter value 
Density (g/cm3) 7.8 
Poisson’s ratio 0.3 
Young’s modulus (GPa) 200 
Specific Heat (J/kg/°C) 432.6 
Thermal expansion (μm/m°C) 11 (at 20°C) 
Thermal conductivity (W/m°C) 47.7 
A 553.1 
B 600.8 
C 0.013 
n 0.234 
m 1 
ߝሶ0  0.001 (1/s) 
 T0 (K) 293.15 
 Tmelt (K) 1733.15 
Table 5: Johnson-Cook failure parameters for AISI 1045 [9] 
Parameter value 
d1 0.06 
d2 3.31 
d3 -1.96 
d4 0.0018 
d5 0.58 
3.2. Numerical results 
The results of the performed FEM-Simulations are
shown in Fig. 11a-c. It can be seen that the basic process
of pore opening and the burr formation during
machining with abrasive grains can be modeled by using
an explicit FEM-code with the Johnson-Cook material
law and failure model. 
As the modeling results show, the formation of lid
burr is depending on the grain intrusion depth and the
position of the pore underneath the surface. Only if the
grain intrusion depth corresponds approximately to level
of the upper pore edge, lid burr could be detected. Due
to the fact that in real honing process pores can be found
in different depths of the material, the cutting depth
relative to the pore also varies. This leads to both burr
formation and pore opening. 
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Fig. 11. FEM simulation of lid burr formation 
4. Conclusions 
It can be seen that the parameters of the honing 
process have a significant influence on the surface topo-
logy. Where a high infeed pressure at honing of 
conventional materials like grey cast iron can lead to 
formation of so called ”blechmantel” (cold worked 
material), it results in formation of lid burr extending 
into the pore cavities at honing of thermally sprayed 
layers. This new kind of burr could be detected on the 
SEM images of the machined surfaces and is expected to 
negatively affect the tribological properties of the 
cylinder running surfaces. Therefore, strategies for lid 
burr removal, for example by using a high pressure 
water jet, should be investigated. For the SUNA6-3 
layers also limits regarding the maximum infeed 
pressure at finish honing have been shown by the 
clogging of the honing stone. 
The influence of the other process parameters like in-
feed step width and cutting speed on the material remo-
val rate and surface roughness are comparable to honing 
conventional materials. Due to the high initial roughness 
of the thermally sprayed layer, the first honing step
subjects to high abrasive wear of the honing stone. 
Using a FEM-based study, the basic mechanism of lid
burr formation, could be explained. In future works, the
real grain intrusion depths of the cutting process will be
measured to verify the numerical results.  
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